The evolution of an upwelling filament was studied over a 2-week period by using satellite infrared images, and its thermohaline structure was mapped in situ. The surface velocity field consisted of a large meander extending offshore for at least 300 km. 
The survey lasted 4 days, from July 23 to 26. The ship track during the survey is shown on Figure 2 . The tow-yo section of the jet was made on July 24 from 0000 UT to 0600 UT, some 25 hours after the last clear image. After the tow-yo section, Huyer et al. [1984] made 20 conventional stations on either side of the filament. Kosro [1985] collected Doppler acoustic velocimeter profiles during the entire cruise.
Section 3 decribes the sequence of satellite images, section 4 the different surface water types, and section 5 the subsurface thermohaline strucuture of the filament. The observations are summarized and discussed in section 6. Details concerning the instruments used and the data processing are found in the appendix.
SEQUENCES OF SATELLITE IMAGES AND INFERRED FLOW
The evolution of the filament over the 2 weeks of the experiment is shown in Figure 4 On July 15 ( Figure 4b ) the root of the filament has thickened to about 50 km; stronger curvature and meanders are seen, and some frontal waves are present on the southern boundary near 125øW. The boundaries of the filament are not symmetric. To the south the cold water is limited by a sharp front less than 1 km wide (the pixel size), whereas to the north the transition from cold to warm water takes place gradually over ,-, 20 km. The sharp front coincides with the line along which cyclonic instabilities occur. This asymmetry, observed in all the images, will be discussed in detail in sections 4 and 5, using in situ data.
A convergence of surface isotherms can be seen south of the filament in the sequence shown in Figure 5 . A narrow streak of cold water near 125ø30'W, 38ø00'N is advected toward the sharp southern front and eventually coalesces with it after 24 hours. Radiometric temperature sampled along the line in Kosro [1985] is difficult because the in situ survey was conducted 1-4 days after the satellite sequence, and the flow has been shown to evolve significantly over such a period. The mean and maximum speeds from the satellite images (63 samples) are 0.24 and 0.55 m/s, whereas the mean and maximum speeds at 28 m depth from the 5-min-averaged Doppler log data over the same area (705 samples) are 0.36 and 0.84 m/s. These Doppler log speeds are larger by a factor ,--1.5. Although a real increase of the speed of the jet during the survey cannot be excluded, the discrepancy could also be a bias of satellite-derived velocities. Kosro found that the jet reaches its maximum velocity not at the sharp southern front but within the gradual northern boundary. Since most of the features that can be tracked occur near the sharp front, the satellite-derived field will systematically undersample the maximum velocity region.
The hydrographic survey of Huyer et al. [1984] indicates that the flow is surface intensified. 
SURFACE WATERS
The measurements made while the ship was underway complement the satellite images by providing a better resolved surface temperature (300 m at full speed and 60 m while towing the CTD), from which we will estimate the horizontal scale of the fronts, and by concurrently providing salinity and density, from which we will infer the origin of surface waters.
The surface temperature along the westernmost cut through the jet is shown as a function of latitude in Figure 10a A three-layer vertical structure is apparent from kilometer 7 to kilometer 17 (Plate lb). At kilometer 10, starting at the surface, there is a 25-m-thick mixed layer of warm low-salinity northern water, a 15-m-thick layer of colder low-salinity water, a layer of warmer higher-salinity water, and finally, the normal seasonal thermocline. The cold middle layer is connected to the cold surface filament and is of constant density (Plate If). The warm lower layer is similarly connected to the warm water to the south of the front, and its density increases northward at a rate of 3-10-5 kg m -'• The fact that the two deeper layers are connected to the surface suggests a subduction of the heavier surface waters found near the front, under the lighter surface water to the north, possibly forced by a convergence in the frontal region (cf. F• sure 7). Figure 16 shows that the T-S diagrams at the surface (cf. Figure 12 ) and of the vertical profile at kilometer 10 are similar. The three layers near kilometer 10 have T-S characteristics resembling those of the three water types present at the surface across the jet. The lower layer at kilometer 10 is slightly colder and more saline than the water south of the front, but the difference is no larger than the T-S scatter of the southern water observed during the survey of the filament (Figure 13) . Ekman divergence resulting from the variation in local vorticity across a narrow jet could produce upwelling at the axis of the jet [Niiler, 1969] . The presence of the warm layer underneath a colder layer indicates that the cold filament is not the result of thermocline water being upwelled locally.
A similar structure is found elsewhere along the filament, as shown in Figure 17 The largest is a warm tongue ,--25 m thick that detaches from the surface layer at kilometer 17 and extends northward to where we ended the section. In this region the thermocline at a depth of 45 m does not coincide with the halocline; the tongue is located at 85 m immediately below the halocline. It lies along an isopycnal in the direction of the section. The tongue resembles the third intrusion described by Gregg [1980] , but unlike Gregg, we lack a three-dimensional survey to infer a mechanism for the formation of this feature.
SUMMARY AND CONCLUSIONS
An idealization of the structure of the upwelling filament, as suggested by the observations reported above, is cartooned in Figure 18 and described below.
The surface velocity field consists of a large meander extending at least 300 km offshore and having a total north- The temperature, salinity, and density fields reflect the entrainment of cold coastal surface water by the offshore flow. The return flow brings warmer offshore water toward the coast. Three different water types are present at the surface across the filament: a high-salinity warm water to the south, the cold lower-salinity coastal water on the axis of the filament, and a warmer low-salinity water to the north. The front that delimits the filament to the south is sharp, whereas the northern boundary is gradual. The water entrained into the filament originates to the north of the root and is of the same density as the warm saline water to the south. The temperature and salinity fronts at the surface extend only to the depth of the mixed layer: the thermal features observed on the satellite image are shallower than the velocity field.
The striking lack of a density front at the temperature front observed on the satellite images may not be a general property of upwelling filaments. These coherent eddies are an important mechanism for dissipating the kinetic energy of the jet. They create, at a geophysical scale, a horizontal mixing layer between different waters that is somewhat analogous to two-dimensional homogeneous free shear layers reviewed by Roshko [1976] but having an aspect ratio of ,-, 500:1 as opposed to the • 1:10 aspect ratio of the laboratory experiments. It is not clear from our data what smaller-scale processes are responsible for mixing the two water types once they have been engulfed in the growing eddies. The following argument will lead us to speculate that the spiraling surface fronts are ultimately mixed at the scale of the surface mixed layer turbulence.
In secion 3 we estimated a cross-isotherm convergence rate The 10-ttm infrared electromagnetic radiation is emitted by a skin of thickness • 30 ttm. In the presence of a turbulent mixed layer, radiance temperature is well correlated with mixed-layer temperature, but when solar heating is strong and the wind is low, a thin warm surface layer may build up and hide the underlying temperature structure on the satellite images. The images shown in this paper were all taken under strong surface mixing conditions (--• 10 m/s winds) and are representative of the mixed layer temperature.
The digital telemetry stream was received and processed in near-real time at the Scripps Satellite Oceanographic Facility by using the software described by Young and Fahle [198!]. Images are corrected for earth rotation and sphericity and registered to a common mercator grid by linear interpolation. Using information from the satellite ephemeris, and the coastline as ground control points, the position accuracy is better than 2 km. The radiometer output is calibrated to Celsius by using the internal temperature references of the satellite under the assumption that the ocean surface radiates like a perfect blackbody. The rms noise of the radiometer is equivalent to 0.1øC, but the calibration neglects physical processes that contaminate the radiance temperature by errors one order of magnitude larger: absorption and reemission by atmospheric layers, reflected and scattered solar radiation, variations in the surface emissivity, and subpixel clouds. Kelly and Davis [1985] show that, over the CODE region, most of the temperature error is described by a spatially invariant offset, that channel 4 (10.5-11.3 ttm) is much less contaminated by solar radiation than channel 3 (3.5-3.9 #m) and 
